The deep muscles of the back are considered to be primary postural muscles and are involved in maintaining and regulating upright posture. The knowledge of reflex activity of these muscles, in particular with regard to their postural role, is still incomplete, with the exception of abdominal skin reflexes. The paraspinal muscles do not have an easily available tendon, and clinically it is difficult to observe the stretch reflex responses to tapping. The neurophysiological studies of reflex activity of trunk muscles are relatively few in comparison to extensive studies of limb reflexes and facial reflexes. Some postural and kinaesiological functions of deep muscles of the back have been described on the basis of electromyographic studies.1-3 Kugelberg and Hagbarth4 electromyographically recorded skin reflexes of the erector spinae muscles elicited by noxious stimulation. The phasic and tonic stretch reflex responses of these muscles can be evoked mechanically by means of tapping or by vibratory stimulation. These reflex responses were shown to be asymmetric in scoliotic patients. 5 The aim of the present study was to describe the electrophysiological characteristics of lumbar erector spinae muscle reflex responses evoked by tapping in healthy adults, and to elucidate the possible role of segmental and suprasegmental reflex mechanisms in the behaviour of these responses. We also studied the effects of postural changes and various positions
Material and methods
Ten healthy subjects were used in this study, seven males and three females, ranging in age from 25 to 45 years. Tests were conducted in both the sitting and standing positions, while the subjects were asked to relax and close their eyes. For the trials conducted while sitting, the subjects sat upon a stool with their feet on the floor. During the series of standing trials, the subjects sat on the stool after every trial for a waiting period of approximately five minutes. The exact position of the head, arms, and trunk during each trial depended on the specific manoeuvre undertaken, as described below. The reference position, in which the control values were recorded, was with the head straight ahead, trunk erect, with arms by the sides. In one group we also used voluntary contraction, which was usually difficult to accomplish. Therefore, the subjects were trained through the use of auditory EMG feedback to achieve isometric contraction of the lumbar paraspinal muscles.
Stimulus

Results
Tapping the lumbar paraspinal muscles in standing subjects produced consistent, well synchronised biphasic or triphasic EMG responses with a short latency in these muscles. The typical early response (RI) began with a small negative deflection, followed by a marked positive peak, and finally by a large 0 The latencies of the early responses were constant during trials and across trials in the same subject. Measuring to the first deflection of the average of 16 responses while tapping at 10 second intervals in the 10 healthy subjects, we found latencies ranging from 10Q0 to 15 7 ms, with a mean of 12-0 and a standard deviation of 169 ms. Measured from the peak of the positive deflection to the baseline return at the beginning of the silent period, the duration of RI averaged 10 ms. Application of a series of stimulus taps at a 1 Hz rate did not result in Following the early, synchronous response, but prior to the resumption of the background activity, one or two bursts of less synchronous EMG activity (R2) occurred, delineated by periods of relatively low EMG activity which were usually well defined. The more common observation was that one R2 burst followed the RI activity prior to the resumption of the background activity. The latency of this R2 response was approximatey 30 to 50 ms. When the third burst of activity did appear, it gave the appearance of a cyclic response, since the intervals between the first and second bursts and the second and third bursts were approximately equal. The amplitude of the R2 responses was usually smaller than the amplitude of the early responses, was often smaller than the tonic background activity, and in two subjects even was occasionally absent. An inverse relationship between the amplitude of the early and late responses was sometimes observed: in subjects who showed marked early responses, relatively small bursts of activity were observed, and vice versa; when the early responses were less pronounced, later responses were usually larger. Late responses were present bilaterally. The late responses on the contralateral side were of approximately the same size or larger than the ipsilateral responses (fig 2) . (fig 3) . The responses evoked in the standing position were generally larger than those evoked in the sitting position. However, in some subjects, the background activity and reflex responses were relatively small even in the standing position. In these subjects, the early response was elicited only when the trunk was slightly inclined forwards, producing an increase in both reflex responses and in background activity.
In The RI and R2 responses were also increased with lateral movements of the trunk to the contralateral side from the tapped muscle.
Although the muscle being tapped was stretched in this position, in most subjects there was no pronounced increase in the background activity. These effects were similar to the effects produced during forward flexion of the trunk.
Changes The Jendrassik-type manoeuvre increased the RI responses without significantly changing either the R2 reflex response or the background activity. During voluntary contraction, the RI and R2 reflex responses and the tonic background activity were increased to approximately the same amount. Volitional activity decreased the duration of the silent period and increased the amplitude of the background activity.
Discussion
The paraspinal muscles consist of a complex group of muscles arranged in several layers and with different functions. In electromyographic analysis by means of surface electrodes placed over the paraspinal muscle bulk in the lumbar region, the recorded activity is derived mainly from the superficial layer, that is to say from the erector spinae muscles. Kinaesiological electromyographic studies of paraspinal muscles by Floyd and Silver,' Portnoy and Morin,2 Asmussen, 6 and Asmussen and Klausen7 revealed postural activity of erector spinae muscles in standing subjects and in subjects sitting in erect posture. Conversely, they also observed inactivity of these muscles when the subjects were allowed to sit in a relaxed posture. Similarly, in our studies, the behaviour of the reflex responses of these muscles evoked by tapping was related to the amount of background electromyographic activity. The responses were of very low amplitude and often absent in fully relaxed muscles, but they were increased with erect posture with concomitant tonic postural activity of the erector spinae muscles.
Kugelberg and Hagbarth4 studied spinal mechanisms of the abdominal and erector spinae skin reflexes to noxious stimulation in resting subjects; the reflex responses were only slightly increased when elicited against moderate voluntary contraction. In our study, however, the early and late responses were evoked by painless tapping more easily when -erector spinae muscles were active in their primary function, (that is in sustaining the erect posture of the trunk against gravity) than when they were quiet. The poorly synchronised, variable electromyographic response of longer latency (R2) showed characteristics of polysynaptic reflexes. The variable, long latency of this response suggests a polysynaptic reflex arc. The potentiation effect of vibration on R2, in contrast to the suppression effect on R1, supports the assumption that R2 is a polysynaptic reflex.9 Futhermore, the symmetric bilateral appearance of R2 following unilateral stretch also supports this assumption.
The typical pattern observed after tapping was two bursts of activity separated by relative inactivity, followed by a resumption of continuous background activity. Occasionally, the reappearance of the continuous background activity was delayed by the occurence of cyclic periods of activity and inactivity. Such cyclic patterns have also been found in abdominal skin reflexes,10 in the blink reflex," and in the flexor reflex in normals,'2" and in patients.'4" Pedersen," Faganel," Grimby The increased excitability of the stretch reflex, as seen in the increased size of the RI response, could be due to the descending facilitation of the erector spinae muscles while the trunk is flexed.
On the other hand, this could be simply explained as the effect of stretching the muscles. In contrast to marked facilitative effects of mild or moderate flexion of the trunk, a decrease in the background activity and reflex responses was observed when the trunk was further flexed. This is in agreement with the observation of Floyd and Silver' that the erector spinae are inactive in extended forward flexion of the trunk. The changes in the early reflex responses on lateral flexion of the trunk-an increase on the ipsilateral side and a decrease on the contralateral side-can be explained as a result of stretching the muscle on the contralateral side and shortening it on the ipsilateral side. 
